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I NTRODUCTION 
A l t hough Ch l o r i de { C l ) i s  an essen t i a l p l an t  nu t r i en t , i t  has , i n  
the pas t , no t usua l l y  been cons i �ered as l i m i t i ng t o  c r op g r owt h . 
However ,  c r op y i e l d  r esponses , par t i cular l y  w i th  sma l l g ra i ns ,  have 
been document ed i n  t he Un i t ed St ates . I n  Sout h  Dakota  g ra i n  y i e l d  
i ncreases rang i ng f r om 200 t o  5 0 0  kg ha- l have been no t ed f o r  �p r i ng 
whea t . Ch l o r i de f e r t i l i za t i on has been. shown t o  be p r o f i t ab l e  i f  
respons i ve s i t ua t i ons can be i dent i f i ed .  
A l t hough C l  i s  known t o  rap i d l y  l each through the so i l i n  humid 
areas , l i t t l e  i s  known how i t  moves th rough the so i l w i t h  t i me 
i n  subhum i d  a r eas . The re i s  a need to eva l ua t e  t h e  ef f ec t s  of  C l  
app l i ca t i ons on so i l  C l  l eve l s  over t i me . 
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I n  add i t i on there  i s  t he need t o  eva l ua t e  the  ef f ec t s  that so i l  C l  
l eve l s  have on p l an t  C l  concen t ra t i ons . I n  order t o  deveop t he 
po t en t i a l  t ha t  p l an t  C l  t es t s  have f o r i dent i f y i ng C l  r espons i ve 
s i tuat i ons add i t i ona l know l edge of the C l  up take pa t t e r n  i n  r espons i ve 
crops , such as whea t i �  needed . 
I n  orde r t o  meet t he above needs , a study was conduc t ed i n  wh i ch 
t he ma j o r ob j ec t i ves of t h i s  study we re t o  i . )  de t e rm i ne res i dua l 
ef f ec t s  of C l  f er t i l i za t i on and i i . )  to measu re p r ogr�ss i ve C l  up t ake 
and dry ma t t e r  accumu l at i on i n  sp r i ng whea t as i nf l uenced by res i dua.l 
c 1 • 
CHAPTER 1 .  
RESI DUAL EFFECTS OF CHLOR I DE FERT I L I ZAT I ON ON A CORN-WHEAT ROTATION 
ABSTRACT 
S i gn i f i can t r e l at i onsh i ps have been not ed be tween so i l Ch l or i de 
( C l ) ,  C l  upt ake and y i e l d  response i n  spr i ng wheat ( Tr i t i cum aes t i vum 
L . ) .  However l i t t l e  i nf o rma t i on ex i st s  concern i ng the  r es i dua l va l ue 
of C l  i n  d r i e r  a r eas . Theref o r e , a study was conduc t ed t o  determ i ne 
res i dua l ef f ec t s  of  C l  f e r t i l i zat i on i n  a subhum i d  c l i ma t e  and t o  
measu r e  t he movemen t o f  C l  through so i 1 w i th t i me . S i x C l  l eve l s  
rang i ng - 1 f r om 0 t o  5 1 0  kg ha wer e  app l i ed a s  KCL ( mu r i a t e  of  pot ash ) 
to· a so i I ( Ud i c  Hap l obor o l l )  w i t h  an i n i t i a l  so i I C l  con t ent of 1 9  kg 
ha-l in  the upper  60  em . A corn ( Zea mays L . ) -sp r i ng wheat rotat i on 
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was p ract i ced b�tween two adjacent s i tes .  So i l C l  l eve l s  we r e  measu r ed 
af t e r  the f i r s t  t h r ee seasons at  f i ve depth i nc r emen t s  t o  a f i na l  dep t h  
of . 1 2 0  em . Max i mum C l  concen t rat i ons f o l l ow i ng t h e  f i rs t  grow i ng 
season occu r r ed a t  app rox i ma t e l y  5 0  em . By t he beg i nn i ng of the t h i rd 
grow i ng season most of the Cl had l eached be l ow 1 20 em . Deep samp l i ng. 
to th ree me t e r s  a f t e r  the th i rd grow i ng season i nd i ca t ed max i mum C l  
accumu l at i on between o.ne and two me t ers . A pos i t i ve r esponse of  spr i ng 
wheat to added C l  was obse rved f o r the f i rst two g r ow i ng seasons . 
Fac t o r s  con t r i bu t i ng t o  the rap i d  remova l of C l  f rom t he uppe r 1 2 0 em 
i nc l ude above ave rage prec i p i tat i on ,  l arge prec i p i t a t ion even t s  and 
satura t i on of  so i l mac ropores . Ch l o r i de so i l t es t i ng i s  recommended 
pr i or to the estab l i shmen t of a C l  r espons i ve crop i n  r eg i ons whe r e  
responses have been ve r i f i ed .  
3 
RES I DUAL EFFECTS OF CHLOR I DE FERT I L I ZAT I ON I N  A CORN-WHEAT ROTAT I ON 
Frequen t y i e l d  i ncr eases f rom ch l o r i de ( C l ) f er t i l i za t i on have 
been repor t ed f o r spr i ng_ wheat {T r i t i cum aes t i vum L . ) i n  Sou t h  Dakota 
w i t h  y i e l d  r esponses rang i ng f rom 200 t o  5 0 0  kg ha- 1 . Ch l or i de 
f e r t i l i zat i on has been shown t o  be prof i t ab l e  whe r e  r esponses of  t h i s 
magn i tude occu r ( F i xen et  a l . ,  1 986b ) . To def i ne and max i m i ze the 
prof i t ab i l i ty of Cl  f e r t i l i zat i on ,  respons i ve s i tuat i ons need to be 
i den t i f i ed and r es i dua l ef f ec t s  need t o  be determ i ned . 
So i l  and p l an t  C l  tests  appear t o  have the poten t i a l  f o r  
i den t i f y i ng C l  r espons i ve s i t uat i ons . S i gn i f i cant r e l a t i onsh i ps have 
been no t ed be tween so i l C l , C l  uptake and y i e l d  responses by sp r i ng 
whea t ( F i xen et a I . , 1 986a ) . A who l e  p l an t  C l  concen t rat i on of  1 . 5  g 
kg- 1 a t  head emergence gave near max i mum y i e l ds f o r spr i ng whea t as d i d  
so i 1 C l  l eve l s g r ea t e r  than 42.2 kg ha - 1 { 0- 60 em ) .  A c l ose 
re l a t i onsh i p  was noted be tween Cl concen t rat i on i n  sp r i ng whea t and 
so i l  C l  ( 0- 60 em ) ( F i xen et a l . ,  1 �86a , 1 987 ) . I n  a Wash i ng t on Sta te  
s tudy a c l ose r e l a t i onsh i p  was obse rved be tween wa t e r  so l ub l e  so i l  C l  
( 0-6 0  em ) and po t a t o  ( So l aum tuberosum L . ) pe t i o l e  C l  concent rat i ons 
( James et a l . ,  1 9 70) .  
Ch l o r i de ,  i n  most upper m i dwest so i l s  dom i na t ed by 2: 1 c l ay 
m i ne ra l s ,  i s  very mob i l e , be i ng great l y  af f ected by the  amoun t and rate 
o f  wa ter  mov i ng t h r ough the so i l .  So i l  Cl  behaves s i m i l a r l y  t o  N03
--N 
i n  so i l s a l though i t  does not  unde rgo b i o l ogica l o r  chem i ca l  
t rans f o rma t i ons ( T i sda l e  et  a l . ,  1985). 
The rate  of  so i l C l  movemen t i s  af f ec t ed by t he p r ocess o f  an i on 
exc l us i on ,  i n  wh i ch the negat i ve l y  charged C l  an i on i s  exc l uded f rom 
so i l wat e r  assoc i a t ed w i th  negat i ve l y  charged so i l par t i c l es .  As a 
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resu l t ,  the ra t e  a t  wh i ch C l  t rave l s  downwa rd t h r ough t he so i l  t ends t o  
b e  i ncreased as compa r ed t o  cat i ons . The process i s  pa r t i cu l a r l y  
act i ve i n  so i l s  w i th  a h i gh CEC and l arge sur f ace a r ea ( Sm i th ,  1972 ; 
Thomas , ' 1 970 ; Thomas and Swoboda , 1 970 ) . 
On a sandy so i l ,  cropped t o  po t a t oes , the downwa rd movemen t o f  
wa t e r , N03
- -N and C l  we re observed a s  be i ng c l ose l y  r e l a t ed ,  w i t h  
N03
--N and C l  mov i ng a t  a r a t e  o f  1 5  t o  20 em day- l w i t h  2 . 5  em day- l 
o f  app l i ed wa t e r . I t  was est i ma t ed t ha t  7 . 5 t o  1 0  em o f  prec i p i t a t i on 
o r  i r r i ga t i on mo r e  t han evapo t ransp i rat i on cou l d  remove most of  t he 200  
kg ha- l of  app l i ed N or C l  f r om the roo t zone i n  t h i s- s o i l ( Ende l man et  
a l . ,  1 974 ) . Ch l o r i de l each i ng on a l oamy sand r esu l t ed i n  a h i gh l y  
skewed so i l  C l  d i s t r i bu t i on .  The asymmet r i c  l each i ng pa t t ern  was 
at t r i bu t ed to a comb i na t i on of macro  and m i cropo r e  wa t e r  f l ow (W i l d  and 
Bab i ke r , 1 9 7 6 ) . I n  a W i scons i n  study , on a s i l t  foam c r opped t o  
a l f a l f a ( Med i cago sa t i va L . ) ,  N03
- -N and C l  moved rap i d l y  t h r ough t he 
so i l w i th an ave rage movemen t of  46  em yea r- 1 w i t h  6 1 -8 4  em of  
prec i p i tat i on ( Sm i t h  and Pe t e rson , 1 982 ) . I n  Oh i o ,  Tea t e r  et a l . 
( 1 96 0 )  repo r t ed l i t t l e  accumu l a t i on of C l  even af t e r  two yea rs o f  heavy 
f e r t i l i za t i on w i t h  ammon i um ch l or i de on·a s i l t  l oam c r opped to corn 
( Zea mays L . ) .  A l though i t  i s  known that C l  read i l y  l eaches t h r ough· 
the so i l  pro f i l e  i n  hum i d  c l i ma t es there i s  l i t t l e  i n f o rma t i on 
conce rn i ng t he r es i dua l va l ue of_ CI i n  dr i e r areas . The prof i tab i I i ty  
and f eas i b i l i t y of  Cl  f e r t i l i za t i on cou l d  be cons i derab l y  enhanced i f  
app l i ca t i ons we r e  ef f ec t i ve f o r  a per i od grea t e r  than one yea r . The 
object i ves of  t h i s  study wer e  ( i )  t o  det e rm i ne res i dua l ef f ect s o f  C l  
f e r t i l i za t i on i n  a subhum i d  c l i mat e ; and { i i )  t o  measu r e  the movement 
of  C l  t h r ough the so i l w i th  t i me . 
MATER I ALS AND METHODS 
F i e l d  Methods 
The s tudy , l ocat ed i n  Eas t  Cen t ra l  Sou t h  Dako t a , was conduc t ed on 
a V i enna l oam ( f i ne- l oamy , m i xed , Ud i c  Hap l obo ro l l ) .  The s i t e  was 
we l l -dra i ned w i th  sma l l a r eas of moderate l y  we l l -d ra i ned i nc l us i ons . 
I n i t i a l  so i l  cha rac t er i s t i cs of  the study s i te a r e  p r esen t ed i n  Tab l e  
1 .  
used . 
A random i zed comp l e t e  b l ock des i gn w i t h  f ou r  r ep l i ca t i ons.was 
- 1 Trea tmen t s  cons i s t ed o f  0 , -3 5 , 65 , 1 3 0 ,  2 5 5  and 5 1 0  kg ha · C l . 
The C l  was i nco rpo rated as mur i at e  of  pot ash ( KCL ) i n  t h e  sp r i ng of  
1 98 5  w i th  no f u r ther app l i ca t i ons be i ng made . Each p l o t was 5 . 5  by 6 . 1 
me t e rs i n  d i mens i on .  A corn , sp r i ng whea t rotat i on was p rac t i ced 
between two ad j acen t s i t es . 
The study s i te was ch i se l  p l owed i n  the f a l l of  1 98 4  and d i sked 
tw i ce p r i or t o  p l an t i ng i n  the sp r i ng of 1 985 . I n  t he sp r i ng o f  1 986 , 
the s i t e tha t  had been i n  corn the prev i ous summer , was l i gh t l y  d i sked 
p r i or to the seed i ng of sp r i ng wheat whereas corn was p l aQted d i rect l y  
i nt o  the whea t s t ubb l e  on the ad j acent s i t e .  No t i l l age was p�r f o rmed 
on e i ther  s i t e  i n  1 987 . 
Sp r i ng whea t va r i et i es p l ant ed were  But t e  i n  1 985 and Ma rsha l l i n  
1 986 and 1 987 . Whea t was seeded at  a rate of  340  seeds m- 2 on 1 2 · Ap r i l  
1 985; 1 1  Apr i 1 1 986.; and 1 3  Apr i 1 1 987. He rb i c i de app l i ca t i ons o f  
d i camba {3 , 6-d i ch l o r o -2 - me thoxybenzo i c  ac i d ) , and a m i x t u r e  o f  
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bromac i l  ( 5 -b r omo- 6 -met hy l -3 - [ 1 -met hy l propy l ] - 2,4 [ 1 H,3H] 
pyr i m i d i ned i one ) and MCPA ( [ 4 -ch l or o-2-methy l phenoxy ]ace t i c  ac i d )  we r e  
used a l l t h r ee yea r s  f or grass and broad l eaf con t r o l r espec t i ve l y .  
N i t r og�n was app l i ed a t  a rate o f  1 3 5 kg ha- l as 3 4-�-0 each yea r . 
P l an t i ng dat e s  f or corn wer e  2 May i n  1 985 and 1 9  May i n  1 98 6 . 
I n  1 987 corn was p l an t ed on 1 2  May but had t o  be r ep l ant ed on 8 J une 
due to des t ruc t i on of t he f i r st  p l an t i ng by ground squ i r re l s .  Hyb r i ds 
p l an t ed wer e  P i oneer 3 7 3 7  i n  1 985 and 1 986  and P i onee r 3 9 0 6 , an ea r l y  
season va r i e t y, on the second p l an t i ng dat e  i n  1 98 7 . Corn popu l a t i ons 
- 1 of  5 4 , 000  t o  5 9,000 p l ants  ha wer e  t a rge t ed f o r a l l t h r ee yea rs . 
He rb i c i des we r e  app l i ed as needed . N i t rogen was app l i ed at  a rat e  of  
1 70 kg ha- l each yea r . 
So i l  ·c l  l eve l s  we r e  measured annua l l y  du r i ng t h e  f i rst t h r ee 
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g r ow i ng seasons a t  dep ths o f  0- 1 5  em , 1 5 -3 0  em , 3 0 - 6 0  em , 60- 90  em and 
90 - 1 20 em us i ng a hand he l d  so i l push probe . I n  add i t i on ,  at  t he end 
of the t h i rd g r ow i ng season , C l  l eve l s  we re measu r ed t o  app rox i ma t e l y  
th ree met e r s  a t  the  second s i t e f o r the check and t h e  h i ghest  C l  
t r ea tment us i ng a hydrau l i c  core probe . Fo r the t h r ee-me t e r  
dete rm i na t i ons , on l y  one rep l i ca t i on was samp l ed f o r t h e  check, whe r eas 
a l l f our rep l i ca t i ons we re samp l ed for the h i gh C l  t r ea tmen t . So i l  
samp l es wer e  t aken on Nov . 1 985 , May 1 987 and .Nov . 1 98 7  i n  
add i t i on so i l n i t ra t e  l eve l s  we re  measu red at  a l l dep t hs f o r 1 987 ( see 
Append i x  F i gu r es 1 - 3 ) . Whea t g ra i n  y i e l ds we r� de t e rm i ned us i ng a 
smal l p l ot comb i ne ,  wh i l e corn g ra i n  y i e l ds and mo i s t u r e  we re  measured·· 
by hand ha rves t i ng .  
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Labo rat o ry Me thods 
So i l  Cl l evels wer e  measured us i ng the mercury ( I I )  t h i ocyanate 
procedur e  (Adr i ano and Done r , 1 982 ) . Ground so i l ( 1 0 g)  was scooped 
i n t o  a 50 ml E r l enmeyer f l ask af t e r  wh i ch washed cha r coa l and 25 m l  of 
0 . 0 1 M Ca { N03 > 2 we r e  added . The samp l es wer e  shaken f o r  1 5  m i n . , 
f i l t e r ed and 4 m l  each of  Hg ( SCN) 2 and Fe ( N03 ) 3 . 9H2o added t o  a 1 0  m l  
a l i quo t . Co l or i n t ens i ty was de t e rm i ned af t e r  1 0  m i nu t es us i ng a 
spec t r�pho t ome t e r . 
Weather  Da ta 
Prec i p i tat i on da ta was ob ta i ned f rom t he B r ook i ngs wea ther s t a t i on 
l oca ted nea r  the  study s i t e . Evapo rat i on- t ransp i rat i on ( ET )  r a t es f o r  
corn and sp r i ng whea t we re est i mated f rom pan-evaporat i on da t a  ob ta i ned 
f rom the B rook i ngs wea ther stat i on or the Madison Resea r ch Fa rm wea ther 
stat i on l ocat ed app r ox i ma t e l y  41 km SW f rom t he study s i t e. 
Evapo rat i on ra t es f o r the two l ocat i ons are usua l l y  s i m i l a r .  The ET 
rat es we r e  ca l cu l a t ed us i ng the pan -evapora t i on da t a  and t yp i ca l  crop 
coef f i c i en t s  f o r  th i s  a rea·. Va l ues g i ven f o r  ET a r e  b road 
app rox i mat i ons on l y  and not i n tended as spec i f i c measu remen t s .  
RESULTS AND D I SCUSS I ON 
So i l  Ch l-or i de Leve l s  
The r e  was a subs tan t i a l  downwa rd movemen t of C l  through the so i l · 
prof i l e  dur i ng and af t e r  the 1 985 grow i ng season . Max i mum C l  
1 - 1 concent ra t i ons of  25  and 48 mg kg- fo r the 2 5 5  and 5 1 0  kg ha rat es 
respect i ve l y  we r e  l oca t ed a t  app rox i ma t e l y 5 0  em f o r  the s i t e i n  wheat ,·· 
her eaf t e r  ca l l ed s i t e  one , ( F i g .  1 -1 ) . Max i mum C l  concen t r a t i ons  of 3 1  
mg kg- 1 f o r t he 5 1 0  kg ha-l r a t e  we re  a l so l oca t ed a t  app r ox i ma t e l y  50 
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em f o r the s i t e  i n  corn , he r eaf t e r  ca l l ed s i t e two , ( F i g .  1 -'2 ) . 
Ch l o r i de concen t rat i ons f or t he other rat es we r e  mor e  even l y  
d i s t r i buted t h r oughou t the so i l p r of i l e .  Ch l o r i de c oncen t ra t i ons were 
cons i derab l y  h i gh e r  f o r  the h i ghes t  t r eatment a t  s i t e one as compa red 
t o  s i te two , poss i b l y  i nd i ca t i ng tha t  mor e  l each i ng had occu r r ed a t  
s i t e two . The r e  wou l d  probab l y  b e  l i t t l e  d i f f e r ence i n  t he amoun t of  
Cl  removed by the  corn o r  wheat as on l y  sma l l amoun t s  of  Cl  a r e  l oca t ed 
i n  the gra i n  ( Russe l l ,  1 973 ) . Samp l i ng va r i ab i l i t y may a l so pa r t i a l l y  
exp l a i n  d i f f e r ences be tween t he two s i tes as standa rd e r r o r s  were 
h i ghe r f o r t h� t r ea tment at  s i t e one vs . s i t e two ( F i gs .  1 - 1 and 1 -2 ) . 
So i l C l  d i s t r i bu t i ons f or bo th s i tes at  the beg i nn i ng o f  the 1 987 
c r opp i ng season are shown i n  F i gs.- 1 - 3 and 1 -4 .  So i l  C l  
concen t rat i ons a t  bot h  s i t es wer e  much l ower than they we re  f o r t he 
f i rst  samp l i ng da t e . Apparen t l y  much of  the C l  had l eached beyond the 
1 20 em dep t h . A t  s i t e  one w i th corn i n  1 986 , on l y  sma l l d i f f erences i n  
C l  l eve l s  we r e  measu red between the  check and the o the r t r ea tmen t s , 
excep t f o r  s l i gh t l y  e l eva t ed concen t rat i ons at  t he 1 2 0 em dep t h . At 
s i t e  two w i t h  whea t i n  1 986 , Cl  l eve l s  were  cons i de rab l y  h i gher t han at 
- 1 s i t e one , espec i a l l y  f o r the 255  and 5 1 0  kg ha t r ea tmen t s . Th i s  i s  
t he reverse of  the s i t ua t i on i n  1 985 when s i t e  one had h i ghe r C l  
concen t rat i ons t han s i t e  two . 
The so i l C l  d i s t r i but i on af t e r  the th i rd grow i ng s eason showed a 
f u r ther dec l i ne i n  C l  - l eve l s  a t  s i t e  two f o l l o� i ng c o r n . Ch l or i de 
l eve l s  f o r  a l l r a t es were nea r i n i t i a l  l eve l s  excep t a t  t he 120 em 
depth  whe re  they we re  s t i l l  somewha t e l eva t ed , and a t  s i x  em where a 
s l i gh t  e l eva t i on i n  the C l  l eve l s poss i b l y  i nd i ca t ed recyc l i ng of  C l  
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{F i g .  1 -5 ) . The r e  was l i t t l e  change i n  t he C l  d i st r i bu t i on a t  s i t e  one 
{F i g. 1 -6 )  f rom the second samp l i ng per i od ,  by wh i ch t i me mos t of  t he 
C l  had a l r eady been l os t  f rom the uppe r 1 20 em . Tab l e 1 - 2 shows C l  
ba l ance shows t he C l  ba l ance ove r t he th ree yea r per i od and f u r t he r  
i l l us t r a t es rap i d  l oss of  C l  f rom t he upper 1 20 e m  o f  t h e  p r of i l e .  
Deep samp l i ng t o  a dep t h  o f  t h ree met e rs a f t e r  t he t h i r d  g r ow i ng 
season at  s i t e  one showed an area of max i mum accumu l at i on be tween one 
and two me t er s  f o r the 5 1 0  kg ha- l Cl rate  {F i g. 1 -6 ) . The a r ea under 
the  cur ve i s  app rox i mat e l y  61 pe rcent l ess t han the  a r ea under  the 
cu rve f or the same t r eatmen t f o l l ow i ng the f i rs t  season. The m i ss i ng 
C l  cou l d  have been l os t  by macropor e  channe l i ng t o  dep ths be l ow t h ree 
me t e r s  and poss i b l y  som� l a t e ra l f l ow . .  
Th i s  rap i d  t ranspo r t  occurs  through mac r opor es c ons i s t i ng of  
cracks , channe l s ,  wormho l es e t c. Mac ropo re l each i ng con t r as t s  t o  a 
much s l owe r f l ow pa t h  wh i ch occurs through a sys t em o f  m i c r op o r es 
l ocat ed w i th i n  so i l peds . Mac ropo res. can be  cons i de r ed as p r i ma r i l y 
i n t e ragg rega t e  cav i t i es whe reas m i cropores can be_cons i de r ed as p r i mary 
i nt raagg raga t e  cap i l l a r i es a l t hough there i s  a con t i nua l g r adua t i on 
between the two {H i l l e l , 1 980 ) . Wh i ch pa th p r edom i na t es i n  t he 
movemen t of  s o i l water i s  s t r ong l y  dependen t ori the mo i s t ure s t a t us of 
t he so i l and whe t h e r· or not there a r e  macrop o r es open at t h e  so i l 
surf ace. When t he so i l i s  sa tura t ed , f l ow w i l l  be p r i ma r i l y v i a  the 
mac r opo r es , bu t i n  a d r i er so i l or  a so i l w i th  f ew macr opo r es open at  
the so i I su r f  ace , f 1 ow w i 11 be pr  i ma r i 1 y i n  the  m i c r opor es (Thomas· , 
1 9 73 ) . W i th t empo rary sat u ra t i on of  the so i l ,  CI cou l d.b e  t ranspo r t ed 
ou t of the m i c r op o r es i nt o  the mac ropores and be l eached ou t w i t h  the 
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d ra i n i ng of the  macropores. A cons i derab l e amoun t  of C l  cou l d  s t i l l  be 
r e t a i ned i n  the m i cropores resu l t i ng i n  a sma l l e r mor e  d i f f use peak 
t rave l l i ng downwa rd th rough the so i l prof i l e  w i th  t i me ( F i g .  1 -6 ) . 
I n  a s t udy concer n i ng so i l  N and C l  ba l ance on a poor l y  dra i ned 
c l ay l oam so i l i n  Eas t ern Onta r i o ,  up to 44% of the spr i ng app l i ed C l  
f e r t i l i ze r  was l eached f rom the upper 75 em by summer l each i ng .  
Ch l or i de moved downward i n  d i f f use bu l ges as opposed t o  d i s t i nct peaks . 
Worm ho l es ,  an i on exc l us i on and d i f f us i on of so i l wa t e r  i n to aggr ega t es 
w i t h  m i cropores we r e  sugges t ed as i mpor tan t f actors i n  i nf l uenc i ng the 
l each i ng of C l  { Cameron et a l . ,  1 9 79 ) . 
Cons i de r ab l e  d i f f e rences i n  l each i ng pa t t e rns can be obse rved· 
between t he two s i t es af t e r  t he f i rs t  two grow i ng season s , w i t h-t h e  
s i t e  cropped t o  sp r i ng wheat i n  1 985 show i ng a·g rea t e r  amoun t of C l  
l eached between the  f i rs t  and second samp l i ng pe r i ods t han the s i t e  
cropped t o  corn i n  1 985 . Reasons for the d i f f erences a r e  unce r t a i n .  
D i f f e ren t i a l  l each i ng pat t erns for C l  and N03 have been a t t r i bu t ed to 
d i f f er ences i n  so i l phys i ca l  p r ope r t i es that i nf l �ence wa t e r  storage 
and movement i n  the so i l ,  and to m i cror e l i ef � i f f e r ences t ha t  i nf l uence 
runof f pa t t erns ( Came ron et a l . ,  1 9 79 ) . A l so d i f f e r ences i n  wa t e r  use 
pa t t erns be tween corn and wheat could have l ed to wat e r  s torage 
d i f f er ences be tween the two s i t es t ha t  may have af f ec t ed t he amoun t of 
l each i ng tha t  took p l ace . 
No- t i l l ,  as opposed to conven t i ona l t i l l age sys t ems , has a l so been 
shown to i nf l uence an i on and so i l wa t er movemen t. I n  a ser i es of 
s t ud i es on a Mu r ray s i l t  l oam ( c l ayey , m i xed , mes i c ,  Typ i c  Pa l euda l f ) , 
N03 and C l  we r e  l eached t o  a cons i de rab l e  ex t en t  w i t h  summer 
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p r ec i p i tat i on on no- t i l l  p l ot s  whereas l i t t l e  or no. l each i ng was 
observed for  conven t i ona l l y  t i l l ed p l ot s  ( Thomas e t  a l . ,  1 9 73 ; McMahon 
and Thomas , 1 976 ; Ty l er and Thomas ,  1 9 77 ) . I ncreased l each i ng f or the 
no-t i l l  p l ot s  was a t t r i bu t ed t o  wet t e r  cond i t i ons under t he mu l ched 
su r f ace and an i nc rease i n  t he number of macropor es open a t  t he sur face 
�e l at i ve to the conven t i ona l l y  t i l l ed p l ots , w i th  a r esu l t an t  i ncr eased 
wat e r  f l ow t h rough the  macropores . The d i f f e rence i n  l each i ng between 
the two sys t ems was sugges t ed as not be i ng so much a ma t t e r  of 
d i f f e rences i n  wat e r  def i c i t s  as i t  was tha t of d i f f eren t  f l ow paths 
(Thomas et a l . ,  1 973 ) . 
A l though r easons for  the dif f er en t  l each i ng pat t erns bet ween the 
two s i t es cannot be s t a t ed w i th certa i nty , i t  i s  poss i b l e to const ruct 
a hypot het i ca l  cha i n  of even t s  to he l p  exp l a i n  the d i f f e r ences i n  
l each i ng obser ved . S i te one w i th sp r i ng wheat i n  1 985 , had 
cons i de rab l y  l ess tota l ET t ak i ng p l ace than d i d  s i t e  two w i t h  corn i n  
1 985 ( F i gs .  1 - 7 and 1 -8 ) . A l though ET rates for t hese crop s  a r e  
s i m i l a r when act i ve l y  grow i ng ,  corn has a l onger g row i ng p e r i od .  I n  
add i t i on ,  s i nce no p r i mary t i l l age was conduct ed ,  t he s i t es had a 
mu l ched su r f ace , keep i ng evaporat i on f rom the so i l su r f ace to a m i n i mum 
( Jones et  a l . ,  1 96 8 ) . As a resu l t ,  s i t e  orie l i ke l y  had more �a t e r  
s tored i n  i t's p rof i l e than s i t e two at  the s t a r t  o f  the 1 98 6  grow i ng 
season . A l so the  corn s t a l ks at s i t e two we re  d i sked p r i or to t he 
seed i ng of sp r i ng whea t i n  1 98 6 , wher eas the corn was no- t i l l ed 
d i rect l y  i n to  whea t s t ubb l e a t  s i te one . Th i s  wou l d  have g i ven mor e  
pot en t i a l  f o r  macropore l each i ng at  s i t e one a s  compa r ed t o  s i t e  two 
s i nce t i l l age wou l d  have c l osed t he macropor e  open i ngs a t  t he su r f ace 
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decreas i ng t he i r ef f ect i vness for l each i ng ( Gardner� 1 9 6 2 ) �  I n  a 
M i nnesot a  st udy , t reatment s  of no- t i l l  w i th su r f ace r es i due , resu l t ed 
i n  deepe r movement o f  wa t e r  and B r- as compared t o  t r ea tmen t s  w i t h  
t i l l age and/or no r es i due . Th i s  was ascr i bed t o  an unb r oken ne two rk of  
cont i nuous macropo r es resu l t i ng f rom an i ncr eased ea r t hwo rm popu l a t i on 
coup l ed w i th a · l ack of d i stu rbance of t he i r bur rows ( Zachmann e t  a l . ,  
1 987 ) . 
W i t h  h i gh so i l mo i s ture l eve l s  and w i th f r equen t h eavy ra i ns as 
we re rece i ved i n  the summe r and f a l l of 1 986 ( F i g .  1 - 9 ) , i t  i s  l i ke l y  
that macropores we r e.sa t u rated f o r cons i de rab l e  per i ods of  t i me a t  s i t e  
one . W i t h  wa t e r  be i ng he l d  i n  t h e  macropo res , C l  l oca t ed i n  
i n t raagg r egat e  m i cropor es cou l d  have been t ranspor t ed ou t i n to t he 
macropo res and been l eached when they dra i ned . The dense I owan t i l l  
under l y i ng th i s  so i l ( F l i n t ,  1 95 5 ) , due t o  i t's s l ow pe rmeab i l i ty ,  
cou l d  have con t r i bu t ed t o  s l ow macropore dra i nage . 
The r emova l o f  most of the app l i �d C l  f rom the uppe r pa r t  of t he 
so i l prof i l e i n  a sho r t  per i od of t i me can be exp l a i ned , i n  pa r t , by 
exam i n i ng prec i p i t a t i on pat t erns f o r the pe r i qd of t he s tudy ( F i g .  
l -9J . Be tween the  f i rst  samp l i ng pe r i od and the second samp l i ng per i od 
the re  we r e  a numbe r of mon ths du r i ng. wh i ch prec i p i tat i on wa� above 
ave rage . Much of t h i s  p r ec i p i tat i on occur red i n  l a r ge s i ng l e  
prec i p i ta t i on even t s  ( F i g .  1 - 1 0 )  and probab l y  resu l t ed i n  a subs tan t i a l  
amount of wa t e r  f l ow i ng downwa rd th rough the so i l p rof i l e . Du r i ng the 
pe r i od of the s t udy , Ma rch 1 985 to Dec . 1987 , 1 88 em of p r ec i p i ta t i on 
was rece i ved compa red t o  an average of 1 6 3 em for the  same per i od .  
Thomas ,  i n  d i scuss i ng fac t o r s  that i nf l uence. l each i ng of N03 -, 
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ment i ons that t hough l each i ng of N03
- i s  usua l l y  not cons i de r.ed to  be a 
maj or prob l em on the G reat P l a i ns because of l ow aver age r a i nf a l l and 
h i gh evapora t i on rates , l each i ng can occur i n  the even t o f  heavy 
ra i nstorms especja l l y  i f  the so i l i s  f a i r l y  permeab l e .  So i l s  on t he 
Great P l a i ns ,  such as Ust o l l s  and Boro l l s ,  have been shown to have a 
net def i c i ency of wat e r  yet s t i l l  be ab l e  to  perco l a t e  cons i de r ab l e 
amoun ts of wa t e r . An i ons such as N03
- and C l a r e  gene ra l l y  l eached 
w i th  grea t e r  ef f i c i ency , for a g i ven amount of wat e r , i n  Us t o l l s  and 
Boro l l s  vs . Udo l l s  and Uda l f s due to the an i ons be i ng exc l uded f r om a 
l a rge r  propo r t i on of_the so i l wa t e r  ( Thomas , 1 970 ) . 
Heavy p r ec i p i ta t i on du r i ng autumn , when there i s  l i t t l e  ET , i s  
l i ke l y  to l each C l  and N03
- , especra l l y  i f.  the so i l  i s  has h i gh 
mo i stur e  l eve l s  a t  the t i me ra i n  occu rs ( Came r on and Haynes , 1 986 ) . 
La rge amoun t s  of p r ec i p i tat i on wer e  rece i ved i n  Sep t embe r the  f i r s t  two 
yea rs and p r eceeded by above average prec i p i tat i on i n  August i n  1 985  
and a wet summer in  1 986 . I t  can be su rm i sed that l ar ge amoun t s  o f  
l each i ng took p l ace du r i ng these per i ods , espec i a l l y  i n  Sep t embe r of  
1 98 6 , in  wh i ch over 19  em. of  prec i p i tat i on occu r red .  
Gra i n  Y i e l ds 
H i ghe r y i e l ds for  sp r i ng whea t we r e  noted f o r  a l l C l  trea tmen t s  as 
opposed to t he check t r ea tmen t i n  the f i r st yea r of the st udy . 
S i gn i f i can t l y  h i gher y i e l ds wer e  noted for the h i ghes t C l  t rea tmen t vs. 
t he check i n  t he second yea r of the st udy ( Tab l e  1 -3 ) . No s i gn i f i can t 
responses wer e  noted f o r  co rn gra i n  y i e l ds du r i ng the  t h ree yea r 
per i od ,  a l t hough t here  appea r ed to be a s l i gh t  t r end t owa rd i ncreas i ng 
y i e l ds i n  response t o  C l  f e r t i l i za t i on ( Tab l e  1 -4 ) . Corn g ra i n  
HILTOr� M BRIGGS USRAR'r 
South Dakota St�:�J Univorsitv 
mo i s ture  l eve l s  we r e  s i gn i f i can t l y  h i ghe r or t ended to be h i gher f or 
the h i ghest C l  t rea tmen t {Tab l e  1 -5 ) . 
SUMMARY AND CONCLUS I ONS 
1 4  
So i l  C l  l eve l s ,  a f t e r  app l i ca t i on of C l  at  d i f f e ren t rates , wer e  
measur ed af t e r  each grow i ng season f o r  three years . A f t e r  the f i rst  
grow i ng season C l  was d i s t r i bu t ed th roughout t he so i l p rof i l e w i t h  a 
"bu l ge" of max i mum concen t rat i on a t  approx i mat e l y  5 0  em f o r  the h i ghes t 
rate  of C l . By  the beg i nn i ng of t he th i rd grow i ng season so i l C l  
l eve l s  had d ropped sharp l y ,  i n  the  upper 1 20 em of the  prof i l e , w i t h  
l eve l s  app roach i ng i n i t i a l  so i l C l  l eve l s .  Deep C l  measu r emen t s  af t e r  
t he t h i rd g row i ng season i nd i ca t ed C l  showed max i mum accumu l a t i on 
be tween one- two me t ers . 
A number of i n t e ract i ng factors pot ent i a l !� r esu l t ed i n  rap i d  
r emova l of C l  f rom the upper 1 20 em .  These i nc l uded an ext ended per i od 
of above ave rage p r ec i p i tat i on ,  l a r ge s i ng l e  prec i p i tat i on even t s  and 
ext ended per i ods of sat u ra t i on of t he_so i l ' s macropor es wh i ch a l lowed 
for t ranspor t  of C l  f rom m i cropo r es i n t o  macropores whe r e  i t  could_be 
rap i d l y  l eached . A tota l of 1 88 em of prec i p i ta t i on occu r r ed du r i ng 
the per i od of the study compa red to an ave rage of 1 6 3 em . Leach i ng 
l osses we re  than would have been expected unde r norma l p r eq i p i tat i on 
pat t e rns . 
The re  was a pos i t i ve response t o  added C l  by sp r i ng whea t du r i ng 
the f i r s t  two seasons . No response was obse r v�d i n  t h e  t h i rd season , 
w i th mos t of the C l  hav i ng l eached beyond the root  zone . No 
s i gn i f i can t y i e l d  response was n o t ed f o r corn du r i ng the �h ree yea r 
per i od ,  a l t hough corn g ra i n  mo i s t u r e  l eve l s  showed a s i gn i f i cant 
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response to i nc r eased C l  l eve l s .  
Ther e  i s  a n eed f o r  fur ther  research on the l each i ng of  C l  f o r  
d i f f er en t  p r ec i p i t at i on pat t erns , so i l types and cu l tu ra l  p ract i ces . 
The re  a r e  many f act o r s  t hat  i n t eract t o  i nf l uence the movemen t of so i l 
C l  that make gener a l i z i ng abou t r es i dua l va l ue very d i f f i cu l t .  On a 
l arge r  sca l e ,  t he r e  i s  a need t o  connect the movemen t of  so i l C l  w i t h  a 
un i f i ed f l ow theory , comb i n i ng f l ow i n  bot h  m i cr o  and macr opo res . The 
need f o r  such an un i f i ed f l ow theory was s t a t ed by B ev i n  and Ge rmann 
( 1 982 ) . An "· · ·  i mpo r tant  r esearch task i n  the f u t u r e  w i l l  be t o  
i nt egrat e  . . .  var i ous concep t s  of  channe l i ng a t  d i f f e r en t  sca l es i n  bo t h  
cap i l l a ry pores and macropores· i n t o  one coheren t  f l ow t heo ry . " . The 
coup l i ng of such a t heo ry w i t h  so i l C l  movemen t wou l d  a i d i n  p r ed i ct i ng 
the res i dua l va l ue of app l i ed C l  under a w i de var i et y  o f  c i rcumst ances . 
Unt i l  t h i s  t ask i s  accomp l i shed , ch l or i de so i l t es t i ng p r i o r t o  
estab l i shmen t o f  a C l  respons i ve crop w i l l  b e  necessa r y  even though 
pas t C l  add i t i ons have been made . 
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Fig. 1-1. Soil Cl di s t r ibut i on after one cropp ing s ea s on (spr ing 
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Fig . 1-2. Soil Cl d i s tribut ion after one cropping s e as on (corn-85) . 
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F�g. 1-3. So il Cl dis trtbutton after two crop� ing s easons (spring wheat-85; c orn-86) . 
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Fte. 1-5. Soil C� d i s tribu t i on atter three cropping s ea s ons 
(corn�8S; s p r ing wheat-86; c orn�87) . 
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Fig . 1-7. Estimated evapo-transpiration for s pring whe at from 
initiation o f  the study . 
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CHAPTER 2 .  
PROGRESS I VE CHLOR I DE UPTAKE AND DRY MATTER ACCUMULAT I ON OF SPR I NG 
WHEAT AS I NFLUENCED BY RESI DUAL CHLOR I DE 
3 3  
ABSTRACT 
So i l  and p l an t  Ch l or i de { C l ) t ests have been used t o  he l p  
i dent i f y C l  r espons i ve s i tuat i ons . S i gn i f i cant r e l a t i onsh i ps have been 
measu red between so i l C l , C l  uptake and
.
spr i ng whea t { Tr i t i cum aest i vum 
L . ) r esponses i n  Sout h  Dakota . Add i t i ona l i nforma t i on i s  needed 
concern i ng C l  up t ak e  by wheat to he l p  deve l op the po t en t i a l p l an t  C l  
t es t s  have for  i den t i f y i ng C l  respons i ve s i tua t i ons . The refore , 
p rogr ess i ve C l  up t ake was measu red a t  l ow and h i gh so i l C l  l eve l s and 
the ef f ect  of  C l  on d ry mat t e r  p r oduct i on de term i ned . S i x  C l  l eve l s  
rang i ng f rom 0 t o  5 1 0  kg ha - l we r e  app l i ed as KCL t o  a so i l { Ud i c 
Hap l obor o l l )  that  i n i t i a l l y  had a l ow so i I C l  . l eve l { 0 - 6 0  em ) � Up t ake 
of  C l  and dry ma t t e r  accumu l a t i on wer e  measu red du r i ng t he second yea r 
f o l l ow i ng C l  f e r t i l i za t i on at  the 0 and 2 5 5  kg ha- l C l  l eve l s .  Who l e  
+ -
p l an t  samp l es wer e  ana l yzed for C l , K and N03 -N . S i m i l a r d ry ma t t e r  
accumu l a t i on cu r ves wer e  ob ta i ned f o r both l ow and h i gh C l  t rea tmen t s. 
Ch l o r i de concen t rat i ons peaked a t  approx i ma t e l y  9 and 1 6  days bef o r e  
head emergence , a f t e r  wh i ch they rap i d l y  dec l i ned t o  ma t u r i ty .  P l an t 
C l  concen t ra t i on s  we r e  sens i t i ve t o  so i l C l  l eve l s .  Up t ake p l a t eaued 
a t - app rox i ma t e l y  9 days bef ore  head emergence and a t  h ead emergence f o r 
the l ow and h i gh C l  t r eatmen t s  respec t i ve l y .  Up take dec l i ned rap i d l y  
dur i ng t he sof t dough stage f o r  t he h i gh C l  t r ea tmen t . Y i e l d  respons�s 
to C l  we re  not ed i n  1 985 and 1 986  f o r whea t . Po tass i um concen t ra t i ons 
dec l i ned s t ead i l y  t h roughout t he season . P l ant N03 concen t rat i ons 
we re s l i gh t l y  dep r essed by Cl f e r t i l i zat i on .  The s t udy demonst ra t ed 
that  p l an t  C l  concen t rat i ons we re  ma rked l y  i nf l uenced by growth s t age 
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o f  sp r i ng wheat a t  h i gh so i l C l  l eve l s  but l ess i nf l uenced a t  l ow so i l 
C 1 1 eve 1 s .  
PROGRESS I VE CHLOR I DE UPTAKE AND DRY MATTER ACCUMULAT I ON OF
-
SPR I NG 
WHEAT AS I NFLUENCED BY RESI DUAL CHLOR I DE 
I n  r ecent yea r s  there has been cons i de rab l e ev i dence of wheat 
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(Tr i t i cum aes t i vum L . ) y i e l d _r esponse to  KC l f e r t i l i za t i on on h i gh K 
test i ng so i l s  i n  the  Nor thern Great P l a i ns ( Skog l ey and Haby , 1 98 1 ; 
F i xen et  a l . ,  1 98 6b ) . Y i e l d  response i n  Sout h  Dako t a  and No r t h  Dakota 
has l a rge l y  been due t o  ch l or i de ( F i xen e t  a l . ,  1 986b ; Coos , et  a l . ,  
1 98 7 ) . Ch l o r i de ( C l ) response has , i n  par t , been a t t r i bu t ed t o  d i sease 
supp ress i on ( Ch r i s t ensen et a l . ,  1 98 1 ; Coos et  a l . ,  1 987 ) . 
Ch l o r i de r espons i ve s i tuat i ons need to  be i dent i f i ed i f  t he 
prof i tab i l i ty of  C l  · f e r t i l i za t i on i �  to  be max i m i zed . So i l  and p l ant  
C l  t es t s  have he l ped i dent i f y C l  r espons i ve s i t ua t i ons . C l ose 
re l at i onsh i ps have been not ed among so i l C l , Cl  uptak e  and sp r i ng whea t 
responses ( F i xen e t  a l . ,  1 986a ) . I n  South  Dako ta s t ud i es ,  a who l e  
- 1 p l ant C l  concen t rat i on of 1 . 5  g Kg at head emergence gave near  
max i mum y i e l ds for  spr i ng whea t as  d i d  so i l  C l  l eve l s g r ea t e r  than 42 . 2  
- 1 kg ha ( 0-60 em ) . A c l ose re l at i onsh i p  was a l so no t ed be tween C l  
concen t rat i on o f  sp r i ng whea t and so i l C l  ( F i xen e t  a l . ,  1 986a , 1 987 ) . 
Few stud i es have dea l t w i th C l  up take by wheat . Know l es and 
Wa tk i ns ( 1 9 3 1 ) i n  a s t udy w i th  w i n t e r  whea t not ed tha t ( i )  C l  
concent rat i on l eve l s  decreased w i th  p l an t  age ; { i i )  up take of C l  soon · 
ceased af t e r  head eme rgence ; and ( i i i )  l a rge l osses o f  C l  f rom the 
p l an t  occur red soon a f t e r  the po i n t of  max i mum C l  accumu l a t i on was 
reached . 
Po t a t oes ( So l anum tuber osum L. ) had rap i d  C l  accumu l a t i on ,  upon 
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add i t i on o f  C l , f rom 1 4  t o  7 1  days af ter  eme rgence , f o l l owed by a 
p l at eau and a dec l i ne i n  C l  upt ake ( Saf f i gna and Keeny , 1 9 77 ) . Pe t i o l e  
C l  concen t rat i ons i n  pot a t oes have been c l ose l y  co r re l a t ed t o  wa t e r  
so l ub l e so i l  ch l or i de ( James , 1 970 ) . 
Ch l or i de up t ake by p l an t s  i s  sens i t i ve t o  t empera t u r e  and a number 
of  met abo l i c  i nh i b i t o r s  ( E l zam and Epst e i n ,  1 9 65 ) and occur s  aga i ns t  an 
e l ect rochem i ca l  grad i en t  ( Ge r son and Poo l e ,  1 972 ) . I l l um i na t i on has a 
pos i t i ve ef f ec t  on C l - upt ake ( Barbe � , 1 968 ; MacDona l d  e t  a l . , 1 9 75 ) . 
Reduced C l  up t ake at t r i buted t o  mo i s ture st ress has been obser ved i n  
modera t e l y  dehyd r a t ed wheat ( A l s t on and M i l l e r ,  1 9 78 ) . Compe t i ve 
ef f ec t s  be tween C l , so4
2- and N03 - are we l l  known ( Menge l and K i rkby , 
2 +  + 2+  . -1 98 2 ) , and up take of C l  has a l so been af f ect ed by Mg , K , Ca , B r  
and r - i n  so i l s  { Cough t ray e t  a l . ,  1 983 ) . 
To deve l op t he pot en t i a l  that p l an t  C l  t ests  have f o r  i den t i f y i ng 
C l  respons i ve s i t uat i ons , add i t i ona l i nf o rma t i on i s  needed per ta i n i ng 
t o  C l  up take pat t erns i n  whea t. Due t o  the l ack of i nf o rma t i on on C l  
up take by sp r i ng whea t , a study was conduc t ed w i th  . the  f o l l ow i ng 
obj ec t i ves : ( i )  t o  measure p r ogress i ve C l  up t ake at  l ow - and h i gh so i l 
C l  l eve l s ;  and ( i i )  t o  de t e rm i ne the ef f ect of C l  on dry ma t t er  
produc t i on and p r og r ess i ve p l ant N03
-· concen t rat i ons .  
METHODS AND MATER I ALS 
F i e l d  Me thods and Weather Da ta 
The s t udy was l oca t ed i n  Eas t  Cent ra l Sou t h  Dakota  and was 
conduc t ed on a V i enna l oam ( f i ne- l oamy , m i xed , Hap l obor o l l ) .  The s i t e  
was we l l  dra i ned w i t h  sma l l a reas o f  moderat e l y  we l l  d ra i ned 
i nc l us i ons . I n i t i a l so i l  cha ract e r i s t i cs at the s t udy s i t e  a r e  
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presen t ed i n  Tab l e 1 .  
A random i zed comp l e t e  b l ock des i gn w i th f ou r  r ep l i ca t i ons was 
used . Trea tmen t s  cons i st ed of 0 ,  35 , 6 5 , 1 30 , 2 5 5  and 5 1 0  kg ha- l o f  
C l . The C l  was i n�orporated a s  mu r i at e  o f  po tash ( KC l ) i n  the sp r i ng 
of 1 985 w i t h  no f u r t he r  app l i cat i ons . P l ot  s i ze was 5 . 5  by 6 . 1 m and 
row spac i ng was 1 7 . 8 em w i th 21 rows per p l ot .  A corn ( Zea mays L . ) ,  
sp r i ng wheat r o t a t i on was prac t i ced between two adj acen t s i t es . 
Sp r i ng wheat ( c . v . Ma rsha l l )  was seeded at a ra t e  o f  340  seeds m- 2 
on Ap r i l 1 1 , 1 98 6 . N was t opd ressed as 34 -0-0 ( ammon i um n i t ra t e )  a t  a 
rate  of  1 5 3 kg ha- 1 . He rb i c i de app l i cat i ons of d i camba 
( 3 , 6 -d i ch l oro- 2-me thoxy l benzo i c  ac i d ) , and a m i x t u r e  of b r omac i l 
( 5 -bromo-6 -me t hy l - 3 - [ l -me thy l p ropy l ]�2 , 4 [ 1 H , 3H]pyr i m i d i ned i one ) and 
MCPA · ( [ 4 -ch l o ro-2 -me t hy l phenoxy ]ace t i c  ac i d ) we r e  used f o r grass and 
br oad l eaf con t ro l respect i ve l y .  
Ch l or i de upt ake and tota l aboveground dry ma t t e r  p r oduc t i on ,  
dur i ng the second g r ow i ng season f o l l ow i ng C l  app l i ca t i on ,  we re 
- 1 measu red progress i ve l y  f o r the 0 and 255  kg ha C l . l eve l s ,  he reaf t e r  
ca l l ed the l ow and h i gh C l  t r ea tmen t s  respect i ve l y .  P l an t  samp l es we re 
a l sri co l l ec t ed f r om a l l t r eatmen t s  at  the t i me of head eme r gence 
(Zadoks growt h s tage , g . s . , 49 ) . Whol e p l ant samp l es we r e  ana l yzed f o r  
+ . C l , K and N03
- -N .  Cu t t i ng da t es , days f rom eme rgence and growth s tage 
f o r  each samp l i ng even t are reco rded i n  Tab l e  2 .  P l an t  g r owth st ages · 
we re  de term i ned us i ng Zadoks dec i ma l  code (Zadoks e t  a l . ,  1 9 74 ) . An 
area of 0 . 27 m2 was cu t f r om t he 2nd t o  6th  rows f r om t h e  edges of the 
des i gna t ed p l o t s . Mu l t i p l e  cu t t i ng areas pe r p l o t we r e  used f o r _ the  
f i r s t  two samp l i ng per i ods in  o rder t o  obta i n  suf f i c i en t  p l an t  ma t e r i a l 
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f o r ana l ys i s .  Areas t o  be cut thr ough the season wer e  random i zed 
· w i th i n  each p l o t .  P l an t s  wer e  handcut a t  the so i l  sur f ace and the 
samp I es oven dr i ed a t  80°C f or 72 hours ·. Gra i n  y i e I ds we r e  de t e rm i ned 
f rom the i nner  d r i 1 1  . pass us i ng a sma l l p l ot comb i ne .  Prec i p i t a t i on 
dat a  was ob ta i ned f rom the B rook i ngs wea ther s t a t i on l oca t ed nea r t he 
s t udy s i t e .  
Laborat ory and Stat i st i ca l  
P l an t  C l  concen t ra t i ons we re de t e rm i ned by ext ract i ng 0 . 5 0 g 
dr i ed ,  ground p l an t  ma t e r i a l  w i th 5 0m l  of 0 . 1 M HN03 f o r  1 5  m i nu t es . 
Ch l o r i de i n  the  ext ract was measu red by po t en t i ome t r i c  t i t ra t i on w i th  
AgN03 us i ng an Or i on 9 6- 1 7  e l ect rode . 
+ P l an t s  we r e  ana l yzed f o r  K by 
ext rac� i ng 0 . 20 g d r i ed ,  ground p l an t  mat e r i a l w i t h  2 0  mL of  0 . 35 N 
acet i c  ac i d . f o r 1 0  m i nu t es . Potass i um concen t ra t i on i n  t h e  ex t ract was 
t hen det erm i ned us i ng f l ame em i ss i on spec t rophot ome t ry ( Hanway e t  a l . ,  
1 962 ) . The p _l an t  N03 
- -N concen t rat i ons we re de t e rm i ned by ext ract i ng 
0 . 5 0 g dr i ed ,  g round p l an t  ma ter i a l w i t h  3 0mL of 0 . 025M A l 2 < so4 > 3 f o r 5 
m i nu t es . N i t ra t e  ex t ract ed was measu red po ten t i ome t r i ca l l y  us i ng an 
Or i on 9 2 . 0 7  e l ect r ode ( Baker  and Sm i th ,  1 96 9 ; . M i l ham P . J .  e t  a l . ,_  
1 970 , S . D . S . U . P l an t  Sc i .  Dept . ,  1 978 ) . 
· Dat a  f o r  d ry ma t t er  accumu l a t i on was mode l ed us i ng t he 
Aut ocat a l y t i c  f unct i on as d i scussed by R i cha rds ( 1 96 9 ) . The equat i on · 
used i s  DM = A ( l +be-k t y - 1 w i t h  DM = pred i c t ed dry ma t t e r  p r oduct i on ,  A 
= the max i mum dry  ma t t er produc t i on ,  b and -k a r e  ob ta i ned f r om l i nea r 
regress i on w i t h  b = I n- 1 of the i nt ercep t , -k = s l ope and t = t i me . · 
Ana l ys i s  of  var i ance and reg r ess i on ana l ys i s we re  conduc t ed us i ng MSTAT 
( 1 986 ) . 
RESULTS AND D I SCUSS I ON 
Dry Mat te r  Accumu l a t i on 
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S i m i l ar dry mat t e r  accumu l at i on curves wer e  ob t a i ned f o r  bo t h  t he 
l ow and h i gh C l  t rea tments  ( F i g .  1 ) . There  was a s l i gh t  t r end f o r  
h i gher dry mat t e r  accumu l a t i on dur i ng the 1 i nea r phase i n. the h i gh C l  
t rea tmen t , a l t hough d i f f erences we re  not stat i s i ca l l y  s i gn i f i can t . 
Dry ma t t e r  accumu l at i on i n  th i s  study f o l l owed a t yp i ca l  s i gmo i da l  
pat t ern . The r e  was an i n i t i a l l ag phase up to the  4 t h samp l i ng per i od .  
Th i s  was f o l l owed by a l i nea r phase of rap i d  growth unt i l the 8th  
samp l i ng per i od .  A per i od of d i m i n i sh i ng g rowt h  occu r r ed up t o  the 
l i th samp l i ng pe r i od f o l l owed by a p l a t eau i ng of d ry ma t t e r  
accumu l a t i on t o  the t i me o f  ma tur i t y ( g . s .  92 ) . 
P l an t  Ch l o r i de Concen t rat i ons 
P l ant C l  concen t rat i on i ncreased rap i d l y  i n i t i a l l y ,  peaked bef or e  
head eme rgence ( 9  and 1 6  days f o r  l ow and h i gh C l  t r ea tmen t s , 
r espect i ve l y ) , and rap i d l y  dec l i ned ( F i R ·  2 ) . Concen t ra t i ons f or t he 
l ow C l  t r ea tmen t p l a t eaued soon af t e r  peak i ng whe r eas concen t ra t i ons 
f or t he h i gh Cl  t rea tmen t dec l i ned un t i l ma tur i . ty . 
· The dec l i ne i n  concent rat i ons i s  probab l y  due i n  pa r t  t o  d i l ut i on 
by accumu l a t i ng d ry mat t e r . But i f  on l y  d i l u t i on by d r y  ma t t e r  
accumu l at i on was i nvo l ved , t h e  concen t rat i on shou l d  have dec l i ned a t  
app rox i mat e l y  t h e  same r a t e  f o r  bo th the l ow and h i gh C l  t r ea tmen t s  
s i nce they had s i m i l a r d r y  ma t t e r  accumu l a t i on cur ves . S i nce t h i s  was 
no t the case , o t he r  f ac t o r s  must have been i nvo l ved . 
There  i s  ev i dence tha t  l each i ng i s  a means by wh i ch cons i de rab l e  
C l  can be l os t  f r om the above ground po r t i ons of p l an t s . Ch l o r i de ,  i n  
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s i tua t i ons whe r e  i t  i s  i n  h i gh supp l �  can become concen t ra t ed a l ong the 
out e r  a r eas of  l eaves . W i th t i me , t hese areas a r e  sub j ect ed t o  damage . 
Ch l or i de i s  t hen l os t  f rom the damaged por t i ons by l each i ng f r om t he 
apop l as t i c  sys t em o f  the  p l an t  t i ssue . A l so ,  t he senescence p r ocess 
i ne reases the permeab i l i ty o f  ce l l  membranes . Th i s  cou l d  enhance the 
f l ow o f  C l  f r om t he symp l as t  t o  the apop l ast  of the l eaf t i ssue , and 
e l eva t e  Cl l each i ng l osses f rom the p l ant ( Ho rst , 1 986 ) . Toma t o  
{ Lycope r s i con escu l ent um L . ) p l ants , grown under cond i t i ons o f  h i gh C l  
supp l y ,  have l os t  1 0  t o  70% o f  the tota l C l  t aken up ( Chabb r a , 1 97 7 ) . 
P l ant C l  concent rat i ons f o r a l l t reatmen t s , taken a t  t he t i me of 
head eme rgence we re  graphed aga i nst so i l Cl  l eve l s  ( 1 985 ) , i n  the uppe r 
6 0  em ( F i g .  3 ) . The re l a t i onsh i p  was cur v i l i nea r w i t h  a so i l  C l  · l eve l . 
of  1 8.3 kg ha- l g i v i ng a max i mum C l  concen t rat i on o f  1 4  g kg- 1 . The 2 5 5  
k g  ha- l t reatmen t used f o r  p r ogress i ve samp l i ng ave raged l l Okg ha- l 
so i l C l  and theref o r e  was app roach i ng the l eve l g i v i ng max i mum p l an t  
C l . 
P l an t Ch l o r i de Upt ake and Y i e l d  Response 
Up take cur ves f o r  the l ow and h i gh Cl t r eatmen t s  rep r esen t th� 
t o t a·l amoun t o f  Cl taken up per un i t  area and we re  ca l cu l a t ed as the 
product  of  dry ma t t er accumu l a t i on and concen t rat i on { � i g .  4 ) . Up t ake 
f or the l ow and h i gh C l  t r eatmen t s  p l ateaued at app rox i ma t e l y  n i ne days 
bef ore  head eme rgence and at head emergence respec t i ve l y .  D i f f e r ences·  
between t he l ow and h i gh C l  upt ake cu rves , to a l a rge ex t en t , r e f l ec t  
the d i f f er ences be tween t h e  l ow and h i gh C l  concen t r a t i on cu r ves . 
The h i gh C I  up t ake cu r ve appea rs t o  be qu i t e dynam i c i n  
appea rance , pa r t i cu l a r l y  f r om t he l O th  t o  the f i na l  samp l i ng per i od . 
4 1 . 
The sudden drop and r i se be tween the l O th  and 1 2 t h  samp l i ng per i ods 
appear s  to be due to more  than samp l i ng va rab i l i ty as the  f l uc t a t i on 
i s  cons i derab l y  g r ea t e r  than one standard er ror . Such a l a rge r i se i n  
up take as seen between the 1 1 th and 1 2 th  samp l i ng p e r i ods ove r a 
re l a t i ve l y  sho r t  per i od of t i me ( 6  days ) wou l d  appea r t o  be poss i b l e 
s i nce a s i m i l ar up t ake rate occu r red be tween samp l i ng pe r i ods ea r l i e r 
i n  the season . 
A hypo t he t i ca l  scena r i o  can be drawn us i ng prec i p i t a t i on da t a  f o r  
t h e  l as t  s i x  samp l i ng per i ods i n  an a t t empt t o  exp l a i n  t he dynam i cs of  
t he l a t t e r  pa r t  o f  the h i gh Cl  uptake curve ( F i g .  5 ) . Preceed i ng the 
t enth  samp l i ng per i od there was a re l a t i ve l y  dry pe r i od .  P l an t  l eaves 
wer e  star t i ng to senesce . Ce l l membranes dur i ng t h i s  t i me we r e  l i ke l y  
becom i ng i ncreas i ng l y  pe rmeab l e  a l l ow i ng f or the i nc r eased f l ow of C l  
f rom the symp l as t  t o  t he apop l ast of the p l ant  t i ssue . A r e l at i ve l y  
l a rge amoun t of  p r ec i p i tat i on occu r red between the l O t h  and 1 1 t h 
samp l i ng per i ods , i nc l ud i ng 2 . 7  em . t hat occu r r ed t h e  n i ght  be f o r e  the 
1 1 th cu t t i ng i n  a t hunde rstorm i n  wh i ch much of the whea t was l odged . 
The C l  l oca t ed i n  the apop l ast  was l i ke l y  l eached out w i t h a resu l t ant  
l a rge drop i n  C l  concen t rat i on and up take . Be tween the  1 1 t h and 1 2 th  
samp l i ng per i ods , corid i t i ons wer e  su i t ab l e f o r  up tak e  l eve l ·s to  
i nc r ease aga i n .  The so i l was mo i st and the root sys t em was p r obab l y  
s t i l l  ope rat i ve ,  w i t h  l i t t l e  p r ec i p i tat i on occu r r i ng du r i ng t h i s per i od 
t o  l each the C l  ou t of the p l ant  t i ssue . But du r i ng t h i s  per i od the 
p l ant  was con t i nu i ng t o  ma tu re , ce l l memb ranes we r e  l i ke l y  rap i d l y . 
beg i nn i ng t o  seriesce and the root sys t em was pr obab l y  ceas i ng up t ake . 
Af t e r  the 1 2 t h  samp l i ng per i od ,  the p l ants were  l i ke l y  i n  a cond i t i on ) 
i n  wh i ch C l  was eas i l y  l os t  f r om t he p l an t , w i t h  l i t t l e  o r  no 
prec i p i tat i on r equ i red . A l arge dec l i ne i n  upt ake to t he t i me of 
matur i ty r esu l t ed .  A l though t he above exp l anat i on i s  hyp o t he t i ca l  i t  
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i s  one wh i ch appear s  t o  l og i ca l l y  exp l a i n  the f l uc tu l a t i ons i n  up t ake . 
Ch l o r i de uptake f or the l ow C l  t reatmen t d i d  not have t he e r rat i c  
. nature  no t ed f o r  the h i gh C l  t rea tment . The r e  was a m i n i ma l  amoun t of 
Cl i n  the p l an t  w i t hou t -t he s t eep concentat i on grad i en t  nea r the l eaf ' s  
sur f ace that wou l d  be conduc i ve t o  rap i d  l oss of C l  f r om the  p l an t  
( Horst , 1 986 ) . Pr i or t o  t he t i me o f  l eaf senescence , rap i d  
f l uctu l a t i ons i n  C l  up take due t o  l each i ng we re not appa r en t  even 
t hough up to 3 . 7  em . of  prec i p i t i on occu r red be tween i nd i v i dua l 
samp l i ng per i ods p r i or t o  the 8 t h  samp l i ng per i od .  
Max i mum uptake i s  compar ed t o  uptake at  ma tur i ty f o r  b o t h  l ow and 
h i gh C l  t rea tmen t s. i n  Tab l e  3 .  The da t a  show t ha t  a s i gn i f i can t amoun t 
of  C l  can be l os t  f r om the p l an t  system i n  a re l at i ve l y  sho r t  per i od of 
t i me . 
The r e  we r e  s i gn i f i can t y i e l d  responses t o  C l  . i n  1 985 and . 1 986  
(Tab l e 4 ) . Y i e l ds f o r the l ow C l  t rea tment ( check ) we r e  s i gn i f i can t l y  
be l ow the t rea tmen t s  tha t  resu l t ed i n  max i mum y i e l ds f o r b o t h  1 985 and 
1 986 , i nd i ca t i ng t hat so i l C l  l eve l s · f o r  the l ow C l  t r eatment we r e  no t 
opt i ma l . 
Po tass i um and N i t ra t e  Concen t rat i ons 
In con t ras t to p l an t  C l  concen t ra t i ons , wh i ch i n i t i a l l y  i ncreased 
rap i d l y ,  p l an t  K+ concen t rat i ons dec l i ned s t ead i l y  t h r ough t he g r ow i ng 
season . Excep t f o r be i ng s l i ght l y  e l eva t ed ear l y  i n  the  season f o r 
+ the h i gh Cl t r ea tmen t , K concen t rat i ons we r e  essen t i a l l y  t he same f or ) 
. 4 3 
bo th t reatmen t s  ( F i g .  6 ) . 
N i t ra t e  concen t rat i on cu rves f o l l owed a pat t ern s i m i l ar t o  C l  
concent rat i ons ( F i g .  7 ) . N i t rate  concent rat i ons i n i t i a l l y  i ncreased 
rap i d l y ,  peaked a t  app r ox i mat e l y  1 6  and 1 9  days bef o r e  h ead emergence 
f or t he l ow and h i gh C l  t reatments  respect i ve l y ,  and t hen rap i d l y  
dec l i ned . Concen t rat i ons tended t o  be l owe r f o r  the h i gh vs . the l ow 
C l  t rea tmen t s , espec i a l l y  f rom the 4 t h  t o  the 7 t h  samp l i ng per i od 
sugges t i ng an i on compet i t i on .  The reduct i on i n  N03 - -N f o r  the h i gh C l  
t reatment i s· r e l at i ve l y  sma l l compared t o  the l a rge d i f f e rences noted 
be tween C l  concen t rat i ons f or the h i gh and l ow t rea tmen t s  { F i g .  2 )  and 
cons i der i ng the l a rge va r i a t i on i n  N03 --N i t se l f  ove r t i me . Other 
stud i es w i th  sma l l g ra i ns have demos t rated reduced N03 - -N 
concen t rat i ons i n  r esponse t o  C l  f e r t i l i zat i on { F i xen e t  a l . ,  1 987 ; 
Coos et  a l . ,  1 987 ) . A reduct i on i n  N03 --N concent rat i on as the resu l t 
o f  C l  f e r t i l i za t i on has been sugges ted as a poss i b l e mechan i sm by wh i ch 
C l  supp resses common root rot  ( Coch l i obu l us sa t i vus ) i n  ba r l ey ( Ho rdeum 
vu lgare L . ) , ( Goos e t  a l . ,  1 987 ) . 
Summa ry and Conc l us i ons 
S i m i l a r dry ma t t er  a-ccumu l a t i on cu rves f or sp r i ng whea t we re  
obt a i ned for  bo t h  l ow · and h i gh C l  t rea tments . P l an t  C l  concen t rat i ons 
wer e  very sens i t i ve t o  so i l C l  l eve l s .  Ch l or i de concen t r a t i ons peaked · 
at  app rox i ma t e l y  9 and 1 6  days bef o re head i ng f o r the l ow and h i gh C l  
t r ea tmen t s  respect i ve l y ,  af ter  wh i ch they dec l i ned un t i l ma t u r i t y .  
P l ant  C l  up t ake p l at eaued a t  app r ox i mat e l y  9 days bef o r e  head i ng f o r 
the l ow t r ea tmen t and at  head i ng f o r the h i gh C l  t r ea tmen t . Up t ake f o r 
t he h i gh t r ea tmen t dec l i ned rap i d l y  af t e r  t he sof t dough s t age ( g . s .  
4 4  
· as > . P l an t  K+ concent rat i ons dec l i ned s t ead i l y  through t h e  g r ow i ng 
season and we r e  gene ra l l y not i nf l uenced by t rea tmen t . P l an t  N03
--N 
concen t rat i ons wer e  s l i gh t l y  depressed by C l  f e r t i l i za t i on .  Th i s  study 
demonst ra t es that  grow t h  stage of spr i ng whea t marked l y  i n f l uences 
p l an t  C l  concen t rat i ons when so i l C l  l eve l s  are h i gh .  P l an t  C l  
concen t rat i ons appea r t o  b e  l ess i nf l uenced by grow t h  s tage a t  l ow so i l  
C l  1 eve 1 s .  
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